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This  briefing  summarizes  the  results  of  a  survey  of  past,  present,  and  potential  future  commercial  and  military  electronic  (including 
software)  standards  and  system  architectures.  The  primary  objective  of  the  survey  was  to  determine  the  role  the  Department  of  Defense 
(DoD)  should  pursue  to  take  advantage  of  commercial  technology  and  standards  for  future  DoD  system  requirements.  The  technologies 
addressed  focused  primarily  on  computer  processors,  system  interfaces,  data  buses,  communication  protocols,  and  supporting  software. 
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Survey  past,  present,  and  potential  future  electronics  standards 
and  architectures.  Including  processors.  Interfaces,  data  bases, 
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The  introduction  to  the  briefing  presents  the  tasking  to  be  addressed  by  the  survey  team  in  its  investigation  of  commercial  technology 
and  the  possible  role  of  open  system  standards  for  DoD  applications.  Principal  members  of  the  survey  team  are  identified  along  with  the 
briefings  the  team  received  from  the  government,  services,  industry,  and  other  organizations  engaged  in  standards  development,  review, 
and  implementation. 
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To  accomplish  the  investigation  tasking,  a  team  was  selected  to  conduct  the  electronics  standards  survey.  A  total  of  seventeen 
members  were  drawn  from  within  OSD  with  representatives  from  Tactical  Systems  (TS),  Production  and  Logistics  (P&L),  Research  and 
Engineering  (DDR&E),  Defense  Advanced  Research  Projects  Agency  (DARPA),  CM,  and  Strategic  and  Space  Systems  (S&SS).  The 
survey  team  was  aided  by  staff  from  the  Institute  for  Defense  Analyses,  who  participated  in  the  discussions  and  served  as  a  secretariat  for 


The  survey  was  accomplished  primarily  by  inviting  government  and  industry  experts  to  brief  the  survey  team  on  their  experience, 
status,  and  knowledge  of  electronic  technology  standards,  programs,  and  activities.  Briefings  to  the  team  occurred  over  the  period  June  19, 
1992,  through  September  16, 1992,  as  follows: 
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Integrated  Processing  Architecture  Hughes  D.  Singledecker  et  al. 


To  place  the  electronics  technology  survey  in  context,  several  background  issues  examined.  The  puipose  was  to  re 
requirements  and  technology  similarities  and  differences  between  the  commercial  industry  and  the  major  DoD  system  sectms. 


Overall,  the  team  found  that  there  are  significant  requirements  and  technology  commonality  between  the  commercial  industry  and 
DoDfor  most  of  the  DoD’sbusinesssystems  and  someC^I  systems.  The  DoD’srequirementfor  high-performance  real-time  weapon  system 
technology  are  generally  not  being  met  by  commercial  industry  technology  programs  or  standards. 
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Avionics  as  a  percentage  of  weapon  system  cost  has  been  rising  steadily  over  the  past  40  years.  In  1960,  avionics  represented 
approximately  10  percent  of  the  total  aircraft  cost.  The  F-22  avionics  cost  is  expected  to  range  from  25  to  35  percent  of  the  total  cost.  Since 
aircraft  cost  during  this  period  have  risen  by  over  a  factor  of  10,  the  cost  of  avionics  has  increased  at  an  even  faster  rate. 


The  DoD  owns  and  operates  a  broad  range  of  systems  that  can  be  broadly  classed  as  information  (business)  systems;  command, 
control,  communications  and  intelligence  (C^I)  systems;  and  tactical  and  strategic  systems.  As  would  be  expected,  these  systems  have  both 
differences  and  similarities  as  shown  conceptually  by  the  three  overlapping  circles  in  the  figure.  Similarities  include  the  technologies  used 
to  derive  the  systems  along  with  their  associated  characteristics  such  as  poilability,  affordability,  and  security  needs.  Differences  include 


The  distances  over  which  elements  of  DoD  systems  must  interoperate  provides  gny>hic  evidence  of  system  differences.  Defense 
information  and  C^I  systems  are  arrayed  in  world-wide  networks  and  must  intercommunicate  passing  voice  and  data  over  thousands  of 
miles.  Tactical  and  strategic  systems  contain  complex,  highly  integrated  electronic  systems  that  are  interconnected  using  a  variety  of  low 
and  high  data  rate  buses,  operating  both  in  serial  and  parallel  modes.  These  data  buses  may  be  required  to  provide  communication  between 
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Redundancies,  fault  detection,  and  corrections 


The  leading  similarities  and  differences  among  DoD  business,  C^I,  and  tactical  and  strategic  systems  are  highlighted  on  the 
accompanying  chart. 

Similarities: 
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Real-time  response  (50  microseconds  or  less)  to  operational  stimuli  is  often  a  need  for  tactical  and  strategic  weapon  systems.  Such 
responses  are  needed  to  perform  flight,  weapon,  and  protection  system  functions.  The  system  architecture,  device  technology,  and 


controlling  operations  must  be  speciflcally  designed  to  meet  these  levels  of  performance.  While  all  system  applications  can  benefit  from 
fast  response  time,  the  cost  to  achieve  the  SO  microsecond  (or  less)  end-to-end  response  is  not  warranted  for  non-critical  system  applications. 

A  wide  range  of  environments  are  encountered  among  DoD  business,  C^I,  and  warfighting  systems.  Business  and  some  CM  systems 
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chemical  detection/waming  systems.  While  some  of  the  underlying  technology  developed  to  perform  the  warfighting  functions  may  fin( 
use  for  other  business  areas,  no  direct  application  can  be  made. 


Tactical  and  strategic  systems  employ  redundancy  and  data  fault  detection  and  correction  techniques  to  ensure  the  integrity  of 
essential  functions  that  impact  safety.  Fault  detection  and  correction  techniques  ensure  not  only  that  vital  data  are  correct,  but  that  these 
procedures  are  compatible  with  real-time  performance  requirements.  While  all  DoD  systems  require  data  accuracy,  slower,  less  expensive 
procedures  may  be  used  in  the  business  and  CM  systems. 
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The  chart  above  presents  an  array  of  system  applications’  response  times  required  for  critical  functions  performed  against  their 
relative  degrees  of  tactical  performance.  As  previously  noted,  real-time  operations  are  generally  deflned  as  operations  Uiat  must  take  place 
in  SO  microseconds  or  less. 

Those  systems  that  fall  in  the  upper  right  comer  of  the  chart  are  considered  to  have  the  shortest  response  time  needs  and  include 


A  comparison  is  presented  of  the  market  and  environmental  factors  associated  with  electronic  technology  targeted  for  automotive, 
commercial,  and  military  applications. 

In  terms  of  market  potential,  automotive  and  commercial  (business  computing,  communications,  etc.)  electronic  technology  share 
similar  characteristics  in  terms  of  production  volume,  cost,  reliability,  product  life,  and  product  cycif;. 
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The  growth  in  integrated  circuit  density  (4  million  transistors  per  chip)  has  led  to  the  ability  to  develop  electronic  modules,  with 
signiflcant  functionality,  although  modest  in  size.  This  ability  has  further  led  to  the  development  of  line  replaceable  modules  (lilMs)  used 
to  support  two-level  maintenance  concepts. 

A  complex  avionics  system  design  can  be  accomplished  with  a  few  hundred  LRMs  of  the  appropriate  type.  If  LRMs  could  be 
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suggested  by  avionic  manufacturers  to  reduce  board  design,  production,  and  support  costs  and  to  provide  acooler  environment  for  electronic 


Unfortunately,  although  similar,  the  LRM  formats  are  not  interchangeable  either  physically  or  in  terms  of  the  data  bus  architecture 
supported.  Developing  standard  LRM  formats  for  future  system  development  should  be  given  high  priority.  Format  selection  should  be 
based  on  power  dissipation,  signaling  speed,  cooling,  test  capability,  technology  growth,  and  reliability  needs. 


The  logistic  and  maintenance  practices  and  support  services  available  vary  signiflcantiy  among  different  usercommunities.  Logistic 
and  maintenance  practices  form  an  issue  that  must  be  considered  in  the  process  of  selecting  the  technology  and  standards  for  a  q)ecific 
systems  area. 
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This  portion  of  the  survey  investigated  the  major  classes  of  systems  used  by  the  DoD:  business,  tactical,  and  strategic  systems. 

This  investigation  focused  on  the  availability  of  system  standards  to  support  system  development  and  the  degr^  to  which  these  standards 
have  been  employed. 
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to  4.000  announced  networks  as  ot  June  1991 


Internet  is  a  networic  that  ties  together  thousands  (estimated  to  be  4,(XX)  as  of  June  1991)  of  local,  wide  area,  and  national  networks. 
The  network  provides  users  the  ability  to  exchange  data  base  information  through  file  transfers  and  electronic  mail.  Originally  intended 
to  tie  together  research  or  education  sites,  Internet  is  expanding  this  origiruil  focus  to  include  private  and  commercial  ent^prises. 

Internet  traces  its  origin  to  ARPANET,  which  became  operational  in  1969.  In  1983,  the  original  ARPANET  split  into  the  MILNET 
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The  chart  shows  the  topology  of  the  NSF-sponsored  inter-processor  networks  that  comprise  a  significant  part  of  Internet.  The  legend 
on  the  chart  identifies  the  location  of  current  and  planned  network  nodes.  The  network  configuration  will  provide  coverage  for  most  of  the 
populated  areas  within  the  United  States. 

No  single  agency  handles  Internet  connections.  Rather,  each  component  network  has  its  own  administration  authority  establishing 
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Command,  control,  communication  and  intelligence  (C’l)  systems  fonn  the  means  for  the  military  command  structure  to  function. 
C^l  systems  must  permit  the  flow  of  information  from  remotely  located  sensors  to  both  fixed  and  mobile  command  centers.  The  national 
command  centers  follow  a  hierarchical  command  structure  to  provide  instructions  to  field  units  so  that  they  can  accomplish  required 
operations.  A  properly  functioning  C^I  system  can  be  a  significant  force  multiplier. 

As  shown  on  the  accompanying  chart,  the  C^I  system  is  comprised  of  hundreds  of  nodes  dispersed  over  thousands  of  miles  at 
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Paraphrased  from  IEEE  P1003.0,  "Draft  Guide  to  the  POSiX  Open  Systems  Engineering,"  NGCR  Briefing 


The  development  of  a  highly  integrated  complex  system  such  as  tactical  fighter  avionics  requires  a  well-structured  architecture  that 
can  meet  the  operational  real-time  performance  requirements.  In  the  past,  system  architectures  were  developed  by  the  aircraft  prime 
contractor  and  often  contained  company  proprietary  concepts  that  were  tightly  held  and  were  often  unique  to  each  aircraft.  This  practice 
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•:  Open  system  provides  functionality,  not  fonn  and  fit 


Open  system  architectures  provide  the  means  for  processor  interchangeability  and  application  software  portability.  Processors 
developed  to  open  system  standards  possessing  common  instruction  sets,  standard  I/Os,  ahd  support  service  functionality  can  be  exchanged. 
Older  and  slower  processors  can  be  replaced  with  minimal  effort  with  processors  built  to  the  same  open  system  standards,  but  containing 
current  technology.  With  processor  technology  doubling  its  capability  every  18  months,  the  ability  to  make  such  upgrades  is  essential. 
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provide  performance  profiles,  documentation,  and  testing  guidance. 


Hardware/Software/External  Environment 


Complementary  to  the  Center  for  Standards,  the  Center  for  Information  Management  (CIM)  within  the  DISA  organization  is 
charged  with  implementing  the  DoD  Corporate  Information  Management  Plan.  An  initial  product  of  the  Center  for  Information 
Management  has  been  the  development  of  the  CIM  reference  model.  Per  IEEE  Standard  P1003.0,  a  reference  model  is  “  an  unambiguous 
specification  of  a  system  or  problem  area  that  promotes  understanding  between  the  system  user  and  the  system  developer.” 
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Tactical  and  strategic  warflghting  systems  consume  the  major  part  of  the  DoD  budget  investment.  The  electronic  systems  can 
comprise  25*45  percent  of  the  cost  of  a  total  weapon  system;  therefore,  any  initiative  such  as  adoption  of  open  system  standards  that  can 
potentially  reduce  costs  is  of  interest.  This  section  will  examine  the  tactical  and  strategic  weapon  system  designs  of  the  three  services  to 
determine  to  what  extent  use  has  been  made  of  DoD  and  service  electronic/processing  standards. 


SPL-1 

Ada:  MIL-STD  1815 


The  Navy  has  adopted  a  number  of  standards  to  support  the  development  of  data  processing  functions  for  tactical  shipboard  weapon 
platforms.  Standards  provided  include  processors,  input/output  interfaces,  and  supporting  software. 

For  a  number  of  years  the  Navy  has  recognized  the  need  for  standards  as  a  cost-reduction  technique  and,  as  a  consequence,  has 
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The  AN/BSY- 1  is  a  complex  combat  system  for  U.S.  Navy  attack  submarines.  The  system  was  developed  in  the  early  1980s  and 
represents  technology  of  that  era.  The  system  processes  sonar  data  to  identify  potential  targets  and  provides  target  tracking  and  fire  control 
functionality  for  selected  weapons. 

To  accomplish  these  functions,  the  AN/BSY- 1  made  use  of  12  different  processors  and  utilized  at  least  25  different  software 
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Data  extracted  from  “Software  Development  Plan  for  the  AN/BSY-2  Submarine  Combat  System,"  77C950013-C,  28  September  1990. 


The  AN/BSY-2  was  developed  by  the  Navy  as  the  next-generation  (1980  technology)  combat  system  for  attack  submarine 
application.  The  AN/BSY-2,  which  provided  relatively  small  processing  granularity  along  with  improved  performance  over  the 
AN/BSY-1,  was  able  to  accomplish  this  with  reduced  complexity  of  both  hardware  and  software.  The  AN/BSY-2  required  10  different 
languages,  9  different  processors,  and  2,763,000  lines  of  new  code,  and  it  reused  473,000  lines  of  existing  code.  The  AN/BSY-2  architecture 


The  Navy  concept  of  developing  a  family  of  processors  for  weapon  systems  has  extended  to  tactical  air  applications.  The  current 
airborne  standard  processors  include  the  AN/AYK-14  (16  bit)  and  the  higher  capacity  Advanced  AN/AYK-14  (32  bit). 

Input/output  for  airborne  systems  is  provided  by  the  MIL- STD  1553  data  bus  and  Aircraft  Store  Electrical  Interconnection  System 
(MIL-STD  1760). 


The  Air  Force  makes  use  of  a  range  of  standards  for  information  processing  systems  contained  in  tactical  and  strategic  weapon 
systems.  Several  of  these  standards  have  been  developed  by  the  Joint  Integrated  Avionics  Working  Group  (JIAWG)  a  joint-service  program 
led  by  the  Air  Force  to  develop  electronic  standards  for  the  F-22.  AX,  and  RAH-66  aircraft. 
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The  Army  has  selected  information  processing  standards  for  both  aircraft  (helicopters)  and  ground  vehicles  (tanks  and  other  ground 
complex  armored  weapons).  The  Army  has  participated  in  the  previously  cited  JIAWG  avionics  standards  program.  In  addition,  the  Army 
has  been  developing  the  Standard  Army  Vetronics  Architecture  (SAVA)  initiative,  which  is  intended  to  develop  vehicle  electronic 
(vetronics)  standards  for  a  range  of  Army  ground  weapon  systems. 
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Modular  Avionics  Systems  Architecture  (MASAV.  An  Air  Force  program  to  develop  alternative  avionics  architecture 
comprised  of  common  modules  and  to  determine  their  cost  effectiveness  for  avionics  system  upgrades  of  existing  aircraft. 

AN/AYK-14:  An  initiative  of  the  Navy  Common  Avionics  Program  Office  to  develop  a  family  of  standard  computers  for 
aircraft  applications. 


0) 

I 

cO 

P 


o 

o 

o 

lia 

OO 

e 

o 


iSt  um 

.c  ^ 

cn 

y  as 
c  a> 

s  1 

s*  ^ 
s  e 

o  r 
u  oo 

o.  S 

e  3 

o 
u 
as 

§ 

& 


■o 
'o 
> 
c4 

x: 

2 
3 
o 
u 

•o 

§ 

•o 

ca 
*o 
e 

2 
M 

c 
o 
E 

.  i 

I  " 

o  e 

I  S 


^  o 


u 
u 

.a  s 

5  oo 
c 

cd 


u 


ed 

•o 

A 

2 
JO 

o  2 

I  I  « 

o  2  <u 

^  ^  — 

a  c  2 


u 


a  - 

o 


^  j3 


S  2  I 


x>  o 

9  w 

as  e 

•o  a 
4J  E 
o. 
E  2 

e  ”0 

O  V 

s  I 

s 

w  eo 

S  I 

£  § 

4> 


Si 


a  S 

■s  is 

O 

J=  o 

cd  o 

iia  -5 

e« 

3. 

9 

•o 


V 

e 

u 

E 

o. 

2 

3 

> 

u 

•o 

>. 

eo 

o 

3 

e 

I 

I  « 

3  ^ 

O  K 
C  " 

V  E 
E  .2 

^  .a 

§  t 

E  •§ 


I960  1970  I960 


B 

>» 

3 

X 

B 

o 

CO 

2 

•s 

ea 

ex 

ri 

>w' 

ea 

u 

w 

3 

B 

.2 

> 

a. 

ea 

w 

(A 

E 

3 

3 

3 

O 

w 

o 

2 

O 

M 

3 

3 

B 

CO 

B 

Ck 

B 

s 

ea 

S 

u 

1 

S 

CO 

E 

e 

cd 

B 

O 

CA 

O 

"w 

U 

CO 

(A 

M 

3 

3 

"O 

u 

k> 

JO 

e 

00 

3 

3 

ea 

3 

B 

<d 

w 

ed 

ed 

X 

3 

tD 

•5 

u 

CO 

CA 

•o 

c 

a> 

X 

M 

X 

>» 

00 

_o 

u« 

O 

tA 

KA 

0) 

CJ 

u 

u 

€ 


<u 

S 

o 

03 


V 

■> 

a 

00 

e 

C 


X) 

u 


o 

e 

_o 

o 

o. 

CO 


o 

o. 

•o 

c 

eO 

CO 

3 


M 

CO 

O 

2 

Vx 

u 

3 

£ 

00 

U 

CO 

B 

U 

a 

'tn 

C 

ed 

'C 

O 

eg 

•o 

•  WX 

u 

•o 

X 

•o 

c 

H 

ed 

CO 

E 

a 

a 

u 

u 

is 

*3 

C" 

to 

>s 

CO 

JJ 

> 

ed 

.c 

"oJ 

> 

a 

o. 

O 

eo 

w 

a 

CX 

ea 

u 

ed 

4> 

>> 

a 

Sr 

V 

w 

ea 

ea 

X 

X 

a 

CO 

O 

i 

a 

A 

*0. 

E 

X 

u 

a 

o 

o 

u 

B 

E 

00 

Cm 

O 

u 

X 

CO 

E 

o 

E 

c 

k. 

V 

B 

,o 

n 

a> 

> 

o 

>% 

X 

tS 

Q 

a> 

H 

o 

.2 

Q 

3 

1 

9i 

V 

•5 

5 

cx 

O 

<u 

X 

H 

c/i 

E 

a 

CO 

>» 

CO 

CO 

u 


e 

o 


c 

3 


k.  BO 
Q.  -Sr 

2  li 

E  2 
o  -a 
o  « 
u  > 

1  I 

1  a 

§  ^ 


eo 

c 

o 


> 

CO 

u 

> 

u 

Sr 

u 

I 

CO 

o 

u 

a. 

> 

4) 

•o 

o 

CO 

•a 

k> 

CO 

•o 

c 

3 

to 

E 


.2  —  « 

?3  ?  ^ 

.a  ^ 

eo  o) 

•O  S« 


CO 

>, 

CO 

e 

!• 

o  a> 
^  c 
O  e 
>>  E 
<0  01 
C  X 
«  <U 


U 


e 

CO 


3 

•o 

O 

E 


I 


o 

CO 

3 

e 

u 

e 

o 

o. 

E 

o 

u 


00 


u 

■§ 

E 

X 

*0. 

E 
o  o 

u  CO 

Is  s 

>  O 

o  -r 

s.  ^ 

o  ^ 

C/3 

=  i 

4>  O 


•a 

c 

CO 


4> 

E 

CQ 


CQ 


•o 

a 

•£  1 

S'  « 

i  ^ 

to 

8  3 
<u  .S 
-  2 

N  C 

1  S 

JS  «-• 
D.  ^ 

E  ^ 

<U  3 

O  -O 
«  00 

2  .E 


a  2 


O  TS 
U  ^ 
CO 

3  •3 

<u  a 

■S  £ 

3  ea 

E  ^ 

^  CO 

s  c 
c2  o 
3  c^ 

«  a 

w  "g 

U  4> 
>  O 

es  e 

JS  u 
CO  'C 

g  g. 
!5  « 

CO  U 

Ui  ;S 

=>■  -s 

.3 

5 


*5?  "O 
O  4i 

1- 
3  O. 
-  *0 
CO  o 

s  is 
•g  S 

=a  ^ 

1  E 

-L  - 

«0 

■a  T3 

3  C 
CO  2 

<  c 

Q  a 

M  XS 

W5  ^ 

I  § 

>  'r 
a  o 

^  •§ 


E 

2 

oo 

s 

Q. 

C 

O 

I 

o 


c"  e= 

•O  -E 


a  ^ 

3  ^ 

>»  "S 


o  o 
>  « 
a  c 
o.  ^ 

I 

^  I 

-  a 

M  - 

■5  3^ 
.2  P 

e 

O  CO 

■i  I 

^  c 
o 

Q. 

eo 

U 


eo 

•a 

c 

CO 


>» 

00 

o 

o 

c 

X 


3 

CO 

u 

•o 

o 


u 


<0 

o 

■o 

.a 

"E. 
o. 
ea 
4> 

h> 

4> 

CO 

— 

3 

•o 

O 

E 

■3 

k. 

ea 

1  .2 
3  Z 

CO  3 

^  g 

2:  ^ 
»  k. 
CO  S 


3 

U 


CO 

oo 
C 

■> 
ea 

CO 

c 

dt 

a 

n 

fN 
3 
§ 

1 

E 
cx 
o 

u 

a> 

3 

c  C  •?; 


ea 

5 

CO 

u 

00 

oo 


CO 

3 
3 
C 

“ea 

a 

a> 
E 

E 
o 
u 

>v 

X 

CO 

3 

k. 

ea 
3 
c 
3 

to 

E 

c  ^ 

CO 
CO 


-2  21 

S  VO 

I  - 

'H  S 
<  - 
O  0) 


CO 

00 

c 


3  > 

E  "• 

u  » 
>  B 
ea  a> 

■=  a 
a  21 

ea 

3 

2  « 

3  1 

8  I 

3 

2  2 

Ou  3 

W  o 

Cm  U 
2  ^ 
a  2 

^  *« 
<  B 
O 

E 

E 

o 

o 


00  a 
2  a 

o.  ^ 


a  s 
■s  8 

•a  S. 

i  ? 

O 

o 

cs  ^ 

k*  V 

o  2 
58  ^ 

a> 


B 

8. 

o 

Cm  M 

o  -O 

a  « 

3  "O 
®  s 

3  M 

i>9  c/i 

I.  ^ 

S“ 

U  2 

2  o 
^  E 

3  ^ 

g.  ° 

a 

V 


u 

CO 

3 


3 

4> 


a 

ea 

a 

00 

u 


ci.  ^ 

§  I 

W  Q. 


>» 

3 

3 


U 


a 

1  -S 

D«  CO 
«>  00 

O  "5 

«  « 
V  (O 

M  ^ 

M  CO 

.S  o 

•S  “ 

2  « 

^  -5 


W  ea 
5  op 

E  a 

a  .5 

2  3 

CO  i2 

3 


a 

u 

{S 


Q 

o 

O 

u 

•S 


J.  R.  Nelson,  N.  B.  Davis,  B.  R.  Hannon,  S.  R.  Shyman,  S.  K.  Welman,  and  K.  L.  Wilson,  ‘The  Costs  and  Benefits  of  Conunon  Integrated  Avionics  for  New  Systems.”  Institute 
for  Defense  Analyses,  Paper  P-2547,  June  1991. 


The  historical  and  projected  cost  trends  for  conventional  large  mainframe  and  microcomputers  are  revisited  to  highlight  that  these 
costs  have  been  decreasing,  counter  to  the  trend  exhibited  for  complex  avionics.  While  decreased  computer  costs,  a  key  element  in  current 
weapon  systems,  have  moderated  overall  costs,  it  is  clear  that  additional  measures  must  be  taken  to  stem  the  rise  in  weapons  cost. 

The  adoDtion  of  ooen  svstem  standards  mav  be  the  kev  to  reduced  system  cost.  By  permitting  the  use  of  common  module  and  major 
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The  growth  of  digital  technology  in  terms  of  equivalent  transistors  per  chip  is  presented  for  dynamic  random  access  memory 
(DRAM)  and  microprocessors.  Note  that  the  density,  in  terms  of  the  number  of  transistors,  doubles  approximately  every  1 8  months.  Since 
the  cost  to  process  a  chip  is  somewhat  independent  of  the  chip  contents,  the  functionality  cost  of  the  digital  technology  has  been  decreasing 
proportionally  to  the  increase  in  complexity  growth.  This  growth  experience  explains  the  drop  in  the  cost  of  computing  displayed  in  the 
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The  growth  of  weapon  system  performance  capability  has  been  accompanied  by  an  exponential  increase  in  the  complexity  of  the 
software  systems  they  contain.  This  chart  presents  the  lines  of  code  developed  for  a  range  of  weapon  systems.  The  lines  of  code  for  families 
of  space  and  weapon  systems  have  increased  by  roughly  an  order  of  magnitude  every  ten  years. 


Proceuor  #N 


The  majority  of  the  processors  now  used  by  either  the  DoD  or  commercial  industry  make  use  of  a  sequential  architecture.  This 
architecture  calls  for  the  processing  task  to  be  broken  down  into  a  logical  series  of  steps.  The  computer’s  single  logic  function  proceeds 
through  the  steps  sequentially,  guided  by  built-in  instructions  contained  in  the  controlling  software,  the  data  being  processed,  or  inputs 
provided  by  an  operator.  The  process  continues  until  the  analysis  is  completed  and  the  required  output  is  developed. 


DARPA,  as  a  project  under  the  High  Performance  Computing  and  Communications  (HPCC)  program,  is  developing  a  massively 
parallel  processing  architecture.  The  architecture  is  based  on  the  development  of  several  building  blocks  (nodes)  that  can  be  joined  together 
in  a  scalable  manner  to  derive  alternative  levels  of  parallel  computing  capacity.  The  nodes  being  developed  include  a  process^  node,  an 
asynchronous  network  interface  node,  and  an  intercommunication  node. 


The  chart  illustrates  the  application  of  the  data  flow  network  concept  previously  discussed.  In  current  integrated  avionics 
architecture,  the  data  network  composed  of  electronic  matrix  switches  is  tied  to  banks  of  computer  memory  that  are  shared  by  both  data 
and  signal  processors. 
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The  integrated  CNI  program  is  a  long-term  Air  Force  effort  to  develop  an  avionics  system  that  combines  the  previously  separate 
CNI  functions.  The  objectives  of  this  combination  was  to  reduce  cost,  weight,  and  volume  while  improving  performance  capability  and 
reliability.  The  program  is  nearing  fruition  with  design  and  test  models  being  prepared  for  incorporation  into  the  F-22  and  R  AH-66  aircraft. 
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A  number  of  programming  languages  are  in  current  use  by  both  miliuiry  and  commercial  industry.  The  military  has  in  the  past 
specified  that  selected  standard  languages  be  used  for  system  development  programs.  In  the  commercial  sector,  privately  develt^red 
programming  languages  are  often  documented  as  industry  standards  to  assure  interoperability  across  compilers  supplied  by  different 
vendors.  The  characteristics  of  a  number  of  the  principal  military  and  commercial  programming  languages  are  reviewed. 
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EASCALlAstructured  high-order  language  developed  in  the  early  1970S.PASCAL  has  become  the  basisfor  several  derivative 
languages. 

I  .ISP-  List  Processing  (LISP),  a  special-purpose  language  developed  in  the  1960s,  finds  application  in  artificial  intelligence 
programming. 


FORTRAN:  Formula  Translation  (FORTRAN)  language  was  introduced  by  IBM  in  1957  as  a  programming  tool  for 
mathematical  problems.  FORTRAN  program  statements  are  very  similar  to  mathematical  notation.  Industry  groups  have 
developed  standard  editions  of  FORTRAN  that  have  been  widely  used  by  both  government  and  industry. 

BASIC:  Beginners  All-Purpose  Symbolic  Instruction  Code  (BASIC)  is  a  simplined  mathematical-oriented  programming 
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An  executive  is  the  portion  of  a  computer  operating  system  that  directs  the  dynamic  flow  of  data  processing  operations.  The 
executive  assigns  resources,  handles  interruptions,  and  directs  program  execution  in  accordance  to  the  compiled  operational  program,  the 
data  provided,  and  operator  instructions.  The  power  and  efficiency  of  the  executive  is  critical  lor  real-time  high-performance  systems  such 
as  aircraft  and  other  complex  weapon  systems. 
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of  avionics  and  other  complex  weapons,  is  a  cniicai  neeu.  me  aoiiiiy  lo  ucune  sianuaiu  »uuw 
software  to  be  reused  can  provide  significant  savings  from  both  acquisition  and  support  costs. 


Modules  used  in  current  avionic  systems  frequently  are  built  using  several  individual  circuit  chips.  Modules  constructed  in  this  way 
are  known  as  multi-chip  modules  (MCMs).  The  individual  MCMs  are  approximately  1 .5  inches  square  and  can  contain  significant  circuitry. 
The  MCMs  can  be  mounted  on  a  SEM-E  module  board  (3.9  x  6.8  iiKhes),  which  can  accommodate  9  MCMs  per  side  for  a  total  of  1 8  MCMs 
per  module.  For  example,  the  Comanche  Data  Processor  Module,  which  operates  at  IS  million  instructions  per  seccmd  (MIPS)  and  has  8 


be  accomplished  in  the  Held  with  only  a  few  common  tools. 

Sn  ai-w  opens  the  door  for  technology  upgrades  for  fielded  systems.  This  capability  can  provide  the  means  to  easily  replace  a 
processor  chip  with  improved  technology,  provided  it  made  use  of  a  standard  instruction  set  and  operating  envirorunenL 


The  Airline  Electronic  Engineering  Committee  (AEEC)  is  a  group  comprised  of  airline  engineering  representatives  who  work 
together  to  develop  form,  fit,  and  function  (F^)  specifications  (standards)  for  airline  avionics.  The  AEEC  is  chaired  by  Aeronautical  Radio, 
Incorporated  (ARINC),  a  communications  company  jointly  owned  by  the  airlines. 
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by  the  underlying  economics  and  value. 
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both  industry  and  government 
concurrent  engineering  approach 


The  F-22  aircraft  and  the  RAH-66  helicopter  programs  are  two  current  major  weapon  system  developments.  Under  these  programs, 
the  prime  contractors  have  the  responsibility  for  common  module  development  and  application  across  their  programs.  This  differs  from 
the  past,  where  subcontractors  were  permitted  full  latitude  in  their  design,  provided  they  met  performance,  interface,  weight,  and  volume 
specifications. 


•T) 


Data  buses  are  key  elements  of  current  highly  integrated  weapon  system  electronics.  Data  buses  provide  common  pathways  used 
to  connect  modules  within  a  subsystem  (backplane  parallel  data  buses)  or  as  a  means  to  interconnect  subsystems  via  serial  data  (both  low 
and  high  speed).  Complementary  to  backplane  data  buses,  data  networks  and  high-speed  (serial)  data  buses  are  available  to  interconnect 
subsystems. 
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application  in  the  Air  Force  F-22  program. 

Futurehu.s-f:  Described  by  IEEE  standard  896,  the  data  bus  was  developed  by  National  Semiconductor.  Primary  address  and 
data  widths  are  32  bits.  The  operation  mode  is  asynchronous  with  optional  parity.  The  maximum  data  rate  is  1 17.6  megabytes. 
Futurebus+  has  been  adopted  as  the  standard  data  bus  for  the  Navy’s  Next  Generation  Computer  Resources  (NGCR)  program. 


The  data  rates  required  to  pass  sensor  data  to  signal  processor  memories  for  selected  weapon  systems  exceed  the  capacity  of  current 
backplane  data  buses.  Data  flow  networks  are  being  developed  to  solve  this  problem.  The  data  flow  network  is  composed  of  a  computer- 
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Technology  Growth  and  Standards: 
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advantage  of  new,  faster,  more  capable  technology.  It  is  important  that  the  proper  form  factor  and  interface  standards  be  put  in  place  to 
support  this  process. 


No  single  universal  solution  for  all  applications 
Technologies  continuing  at  a  fast  pace 

-  Technologies  lead  standards 

-  Leadership  shifting  to  commercial  industry  in  basic  technologies 
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Many  organizations  attempting  to  solve  pieces  of  complex 
problem  (and  resisting  solutions  not  their  own) 

-  Organizational  focus  required _ 


No  Universal  Solution: 

The  survey  team  has  concluded  that  there  is  no  single  universal  solution  or  standard  within  an  individual  technology  area  or  open 
system  architecture  that  can  meet  all  application  needs,  e.g. ,  data  bus,  microprocessor  and/or  programming  language.  Rather,  families  of 
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An  open  system  promotes  development  of  new  technology  (hardware  or  software)  and  because  interfaces  arc  defined,  new 
technology  may  be  readily  introduced  into  existing  systems  to  achieve  improved  performance.  For  example,  with  properly  specified 
interfaces,  instruction  sets,  and  operating  environments,  it  is  expected  that  the  number  of  processors  that  are  plug-compatible  for  high  usage 
microprocessors  would  increase. 


I  t:  1 

1?^  '' 


n 

o 

a 

o 

o 

*•  ? 
c  £ 

O  “D 

11 

o  ® 

8 II 
I 

t&l 

|8? 

S  '5  o 

s8^ 

s 


« 

ilf 

lll 

2  O  0) 

3%£ 

2 

M  s  a 

sl^ 


g^S  £2 

8?  5  I 

Co  U  £ 

8£  I  & 

Q  g  I  O 

sr  E  o 


o 

a 

a 

3 

v> 

2 

3  43 
o  2 

9  c 
5  2 


g  I? 

18? 

S^-S 

O  o  § 

if -S 

c-Sl 

2  2 

U^o  9 

£M'0 

••El 

o  8  s 

Z  u.  o. 
I  I  I 


O  £ 
£  » 

■£  D 

»  g 

i! 

£  O 

■S  E 

5  O 
o  o 


o 

O  . 

o 

o 

^  ■ 
®  . 
A 
IS 
o 

S  ' 

o 

o 

I 

' 

E  8  • 

S  I 

f| 

_  o 

11 

?  S2 

O  9  ■ 

*1 

li 

E  •  ' 

5l 

T3  q> 

ss 

a  a  I 


Advanced  techology  demonstrators  and  prototype  test  beds 
needed  even  more  to  ensure  applicability  and  interchangeability 
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that  will  not  be  addressed  by  the  pnvate  sector,  buch  program 
commercial  technology,  and  validating  new  system  concepts. 
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System  Life  Cycle  Implications: 


Digital  EquipmentCorporation  (DEC),  one  of  the  nation’s  leadersin  developing  mini-computer  technology,  briefed  the  survey  team 
on  its  new  ALPHA  microprocessor  and  its  perspective  on  future  technology  development  The  ALMl  A  microprocessor  will  provide  a  state- 
of-the-art  advancement  by  offering  64-bit  processing,  64-bit  input-output  and  clock  speeds  of  150  megahertz  or  greater.  The  processor 
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AEEC  Airlines  Electronic  &igineering  Committee 

ANSI  American  National  Standards  Institute 

APEX  Application  and  Executive 

ARINC  Aeronautical  Radio,  Incorporated 


Data  Base  Management  System 

Defense  Communications  Agency 

Deputy  Director  of  Defense  Research  and  Engineering 


DEC  Digital  Equipment  Corporation 

DIA  Defense  Intelligence  Agency 

DISA  Defense  Information  Systems  Agency 

Dt^  Department  of  Defense 

DoDDS  Department  of  Defense  Intelligence  Information  System 


Institute  of  Electrical  and  Electronics  Engineers 

intermediate  frequ^y 

Initial  Graphics  Exchange  System 


Integrated  Modular  Architecture 

input/output 

Internet  Protocol 

Information  Processing  Directorate 


Next  Generation  Computer  Resources 
National  Institute  of  Standards  and  Technology 
National  Science  Foundation  Netwoik  Service  Center 


NSF  National  Science  Foundation 
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